The Yanesha are a Peruvian population who inhabit an environment transitional between the Andes and Amazonia. They present cultural traits characteristic of both regions, including in the language they speak: Yanesha belongs to the Arawak language family (which very likely originated in the Amazon/Orinoco lowlands), but has been strongly influenced by Quechua, the most widespread language family of the Andes. Given their location and cultural make-up, the Yanesha make for an ideal case study for investigating language and population dynamics across the Andes-Amazonia divide.
INTRODUCTION
Particularly since the 1990s, population genetic studies have taken a keen interest in the indigenous populations of the Americas, given their unique demographic background (Schurr et al., 1990; Rothhammer and Silva, 1992; Torroni et al., 1992) . The Americas were the last major continents to be settled by humans, probably by a small founding population around 15-17 kya (Tamm et al., 2007; Fagundes et al., 2008; Kitchen et al., 2008 ), yet they are home to surprisingly wide cultural and linguistic diversity (Nettle, 1999) .
On a broad scale, the available genetic data clearly point towards a strong founder effect and a rapid spread through the continent (Wallace et al., 1985; Lewis et al., 2007) , from the Bering Strait to Patagonia; this scenario is in agreement with archaeological indications of human presence in southern Chile from c. 14,500 ya (Dillehay et al., 2008) , although no actual human remains of this antiquity have yet been found there. Uniparental genetic markers in native American populations are affected by this bottleneck (Torroni et al., 1993; Bortolini et al., 2003; Schurr and Sherry, 2004; BissoMachado et al., 2012; Battaglia et al., 2013) : for mitochondrial DNA (mtDNA) only four macro haplogroups are found at appreciable frequencies (A, B, C, and D), while for the Y chromosome just a single lineage is predominant (macro-haplogroup Q). This limited genetic variability contrasts with high differentiation betweenpopulations, probably arisen through drift (Yang et al., 2010; Bisso-Machado et al., 2012; Roewer et al., 2013) .
On a local scale, meanwhile, the complex demographic histories of precolonial times are difficult to reconstruct, and different genetic data often hint at contradictory explanations (Wang et al., 2007; Bisso-Machado et al., 2012) . Recent studies have focused on the dynamics behind the current distribution of language families, or on the role of the environment in shaping demographic Additional Supporting Information may be found in the online version of this article.
trajectories (Rothhammer and Dillehay, 2009; CallegariJacques et al., 2011; Amorim et al., 2013; Ramallo et al., 2013; Roewer et al., 2013; Sandoval et al., 2013) .
Both linguistic and environmental factors are unarguably important in understanding cultural diversity across South America. Much of the continent falls under one of two extreme environments: the Amazon rainforest; or the Andes, the world's second-highest mountain range running north-south through the tropics, parallel to the Pacific coast. The Central Andes saw the emergence of one of the world's few independent civilizations, as complex societies arose here up to five millennia ago. However, the main indigenous language family of the Andes, Quechua, expanded only in the last 1500 years or so. Its spread to the highlands of Ecuador and Bolivia dates to the Inca and early Spanish colonial periods, but Quechua's core range in the highlands of central and southern Peru dates back to earlier expansive processes, with an obvious candidate being the 'Middle Horizon' expansion, c. 550-1000 CE, originating from the site of Wari, near modern Ayacucho (Beresford-Jones and Heggarty, 2013) . Both Wari and the Incas are widely presumed to have fostered significant population movements through the Central Andes highlands, leading to considerable genetic homogenization.
In the lowlands east of the Andes, the archaeological record is much less detailed, frustrated also by poorer visibility and preservation in the Amazonian rainforest. Certainly, the linguistic panorama is unusually fragmented and diverse. Four major language families are spoken-Arawak, Carib, Tup ı, and Je-but in scattered distributions and interspersed with dozens of other minor families and isolate language lineages not demonstrably relatable to any other (Campbell, 1997) . Arawak nonetheless ranks as the most widely dispersed family in the Americas, scattered from the Antilles to pockets even in northernmost Argentina. Various competing hypotheses disagree on where the family originated, when it began to expand, and how it did so. The traditional hypothesis places the homeland in the northern Amazon, between the Rio Negro and Orinoco, emerging from there in an agriculture-based demic expansion, primarily along major rivers, from c. 500 BCE (Aikhenvald, 1999) . Walker and Ribeiro (2011) , however, argue instead for Western Amazonia, based on a Bayesian phylogenetic analysis of basic lexical data from across the family, and propose manioc cultivation as a potential driver for population expansion. Others downplay the role of demographic growth and argue that Arawak dispersal was more through trade and cultural prestige (e.g., Hornborg et al., 2005) .
This study focuses on the Yanesha (or 'Amuesha') of Central Peru, a population living in the Selva Central region and who speak a language of the southern branch of the Arawak family. The Yanesha are dispersed across a range of ecological settings at different altitudes, a transitional environment between the Andes and Amazon that may have favored contact flows both in the gene pool and in cultural characteristics (see references in Daigneault, 2010) . Although the Yanesha language is fundamentally of Arawak (and thus Amazonian) origin, some aspects of its sound system, and a few characteristics even of its grammar, betray contact influences from several other languages. Above all, part of Yanesha's native Arawak lexicon has been augmented or replaced by a significant influx of loanwords. These came principally from the nearby Yaru dialect of Central Quechua, although a few were borrowed from other forms of Quechua, from nearby Amazonian languages, and from other unidentified source languages (Adelaar, 2006) . Quechua influence seems to have largely ceased a few centuries ago, but instead Spanish has brought another layer of loanwords, since the Selva Central was first colonized by Spanish Franciscan friars from 1635. Nonetheless, the main sources of European migrations, starting in the 1850s, were Prussia and Italy (Contreras, 2007) .
The latest census (INEI) puts the overall Yanesha population at 9213, in villages scattered across three main altitude levels: High Selva (HS) up to 1,800 m, Intermediate Selva (IS) up to 800 m and Low Selva (LS) up to 100 m. As a rule, the higher the altitude the greater the degree of urbanization and westernization, the lower communities being the most isolated. What historical sources fail to reveal is the extent to which the HS and IS settlements reflect recent incoming Quechua (and even European) populations from the Andes, who switched language to Arawak here, or original settlements by Arawak-speaking populations arriving from Amazonia.
This study provides novel genetic data for the Yanesha people, and discusses their genetic variability against the South American background. To this end, we analyzed uniparental markers in 214 HS and IS samples, providing Y chromosome data (17 STRs and 16 SNPs diagnostic for assigning haplogroups) and mtDNA data (control region sequences and 3 SNPs and one INDEL diagnostic for assigning haplogroups). The aims of our research are to: (1) characterize the genetic diversity of the Yanesha population, and uncover potential differences between the HS and IS communities; (2) estimate the degree of any sex-biased patterns of contact; (3) investigate the origin of the Yanesha population, by distinguishing Amazonian, Andean, and European gene flows; and (4) explore a putative genetic signature for Quechua and Arawak speakers in South America.
MATERIAL AND METHODS Data collection and DNA extraction
A fieldwork expedition was carried out in the Reserva Comunal Yanesha (Peru, Pasco, and Jun ın departments). Buccal swabs were collected from unrelated individuals from 11 villages: 6 from the High Selva (HS) and 5 from the Intermediate Selva (IS) (Table 1, Supporting Information Fig. S1 ), covering two of the three altitude levels where Yanesha communities are found. This study and the collection of samples were approved by the representative of the Yanesha political association, the FECONAYA (Federaci on de Comunidades Nativas Yanesha), and a formal agreement was signed with representatives of each Yanesha village. All participants were volunteers, and signed an informed consent after being notified about the purpose of the study. The study was conducted in accordance with the Declaration of Helsinki. DNA was extracted by a Salting Out protocol modified from Miller et al. (1988) .
Y chromosome genotyping
The Y chromosome was genotyped for all males in our sample (163 individuals). Sixteen SNPs were tested with a SNaPshot TM Multiplex kit (Applied Biosystems) as described in Brion et al. (2005) . The first multiplex identified major European clades which were subsequently confirmed through their Y-STR profiles (Bayesian inference by THE GENETIC PROFILE OF ARAWAK-SPEAKING YANESHA http://www.hprg.com/hapest5/). The individuals who belong to the native American Q haplogroup were further screened with a second multiplex to assign potential sublineages and to verify whether the common Q1a3a* was the only Amerindian haplogroup present (see Sevini et al., 2013 for details about the primers design and the protocol used). Haplogroups were named according to the current Y chromosome nomenclature given by the ISOGG consortium (http:// www.isogg.org/tree/), but also according to the commonly used nomenclature from Karafet et al. (2008) , for convenience. Y-STRs typing was performed using the AmpFlSTR Table S1 .
mtDNA genotyping
All 214 samples were amplified and sequenced for the hyper variable segment (HVS)-I with the primers L15996 and H16401, using 3.1 BigDye Terminator protocol supplied by Applied Biosystems TM on an ABI PRISM 3730 genetic analyzer. Samples were sequenced in both directions to avoid sequencing errors. Sequences were checked with Chromas Lite 2.01 and aligned with DNA Alignment Software (http://www.fluxusengineering.com/align.htm). Polymorphic sites are referred to the RSRS (Behar et al., 2012) . Sequences are available on GenBank under accession numbers KM090632-KM090845. All samples were additionally genotyped for four diagnostic SNPs for the main mtDNA Native Amerindian lineages A, B, C, and D, using two restriction enzymes (HaeIII at position 663 for Haplogroup A and AluI for both Haplogroups C and D at positions 5,176 and 13,262, respectively) and the INDEL 8281-8289d specific to Haplogroup B. D-loop sequence information was integrated to refine haplogroup assignment. Nomenclature was assigned according to the latest version of Phylotree Build 16 (http://www.phylotree.org, van Oven and Kayser, 2009 ).
Data analysis
Diversity values were calculated in R: for mtDNA, nucleotide diversity and variance were calculated with the Pegas package (Paradis, 2010) ; sequence diversity for mtDNA and the Y chromosome, as well as Y chromosome variance, were calculated using in-house scripts. Correspondence analysis (CA) was performed with the ca package (Nenadic and Greenacre, 2007) . AMOVA and U ST distance matrices were computed in Arlequin ver. 3.11. A neighbor-joining tree of the populations was generated from a U ST distance matrix using the "nj" function within the ape package (Paradis et al., 2004) . Nonmetric multidimensional scaling (nMDS) analyses were performed using the "isoMDS" function within the MASS package (Venables and Ripley, 2002) . A Mantel test was performed between genetic (U ST ) and geographic distances using the vegan package (Oksanen et al., 2012) .
Two comparative datasets of South American native populations were collected from available literature. For the Y chromosome, STR haplotypes for 17 loci were collected for 1,372 individuals from 60 populations covering various major language families (Supporting Information  Table S2 ); only individuals belonging to native haplogroup Q were considered. For mtDNA, HVS-I sequences of 360 bp were collected for 2,695 individuals from 75 native populations (Supporting Information Table S3 ); only individuals belonging to native haplogroups A, B, C, and D were considered. Both datasets were screened to minimize the impact of missing data and sequencing errors, removing individuals with low quality results; only populations with 10 or more individuals were considered. Figure 1a locates the populations in the Y chromosome dataset and Figure 1b those in the mtDNA dataset; note that the populations in the two datasets do not overlap entirely. A further set of populations was selected as present in both datasets, giving an overlapping dataset of 39 populations (column K in Supporting Information Tables S2 and S3 ). The South American populations were divided into seven groups based on linguistic and geographic features relevant for our case study. These groups are: Andean, Andean Quechua, Andean Arawak, Amazonian, Amazonian Arawak, Northern South American, Northern South American Arawak. A further dataset was collected from 22 European populations, including 17 STR haplotypes for various non-Amerindian haplogroups (Supporting Information Table S4 ). nMDS plots and NJ trees for the comparative datasets were generated from U ST (mtDNA sequences) and R ST (Y chromosome STR) distance matrices as described above.
For each population in the dataset, the proportion of haplotypes identical or very similar to the HS Yanesha and IS Yanesha, respectively, was visualized on a map using the maps package (Becker et al., 2013) . For the Y chromosome, a matrix of pairwise distances based on number of generations was calculated using an in-house R script (after excluding unstable loci DSY385a and b): each locus was divided by its mutation rate as reported in the Y-STR haplotype reference database (http://www. yhrd.org), and the TMRCA in the number of generations was averaged over the 15 loci. Three levels of threshold were considered: 0 generations difference (identical haplotypes); <25 generations difference (corresponding to a time frame of 750 years, with a generation time of 30 years); <50 generations difference (corresponding to 1,500 years), and <100 generations (corresponding to 3,000 years). For mtDNA, a matrix of pairwise sequence diversity was calculated with the dist.dna function within the ape package, and only the proportion of identical haplotypes was considered.
RESULTS Y chromosome
The Yanesha populations show a predominance of native haplogroup Q, with different frequencies in the High Selva (65%) and Intermediate Selva (72%; Supporting Information Table S5 ). Interestingly, two samples in the HS Yanesha display the basal M346-Q1a3* mutation but not the downstream M3-Q1a3a1 marker. This pattern is very rare in South America (Bailliet et al., 2009) . One individual from the IS Yanesha belongs to haplogroup M2-E1b1a* which is more common in subSaharan Africa (De Filippo et al., 2011) . R1, the most common haplogroup in Europe, is at 20 and 10% in HS and IS, respectively, while E1b1b1, F, I, J2, K, L, and T occur more rarely, with a maximum frequency of 7% E1b1b1 in HS; all of these haplogroups are commonly found in Europe (Semino et al., 2004) . Haplogroup proportions are also variable at the village level: the highest native ancestry is found in the most isolated IS villages (such as Siete de Junio, Shiringamazu and Nueva Esperanza, where it is above 75%). Nevertheless, the genetic variance between the 11 villages as measured via AMOVA (Table 2) is quite low (1.26% variance between villages, P < 0.05), but rises slightly when only native Q lineages are considered (6.46%, P < 0.05); in the latter case, analysis at the village level should be taken with caution because of the even more reduced sample size. Genetic variance is low and nonsignificant also between the two groups HS and IS, both for all haplotypes and for the Q haplotypes only.
The 52 non-native haplotypes found in both HS and IS Yanesha were then combined and compared to a set of 17 loci STR from 22 European populations (Supporting Information Table S4 ). The European component in the Yanesha has its least R ST distance (nonsignificant) with a set of haplotypes from Central Italy, followed by Northeast Italy and Sicily; they are also close to southern Italy and Austria. An nMDS plot visualizes the relationships between the Yanesha and European populations (Supporting Information Fig. S2) ; the Yanesha appear quite isolated, surrounded by the closest pairwise distance couples as well as by populations from the Iberian Peninsula and from Switzerland. Yanesha Eurasian haplotypes are shared directly only with Central, North and Northeastern Italy, Austrian Tyrol, South Germany, Northeast Spain and Central Spain.
The native Q haplotypes in HS and IS Yanesha were next compared to other Q haplotypes in a dataset of 62 South American populations. The nMDS plot based on R ST distances (Fig. 2a) separates two clusters on the x axis, with a majority of central Andean populations on the right, and a majority of Amazonian and Northern populations on the left. The Yanesha populations fall towards the Andean cluster, together with five other populations from northeastern South America, between French Guyana and Brazil. The shortest R ST distances (<0.2) to the two Yanesha populations are with a diverse set of Quechua and Aymara speakers, the Andean Arawak Machiguenga, the Amazonian Arawak Palikur, and the Amazonian Kalina and Apalai (Supporting Information Table S6a ). The NJ tree based on R ST distances (Supporting Information Fig. S3a ) highlights the position of genetic isolates at the tip of the longest branches: these are more common among Amazonian populations.
The proportion of paternal genetic variance in our dataset is shown by the AMOVA results in Table 2 . When only haplogroup Q is included, variance among populations across South America is very high (47%), especially when compared with the variance among the 23 European populations (10%), which include haplotypes from different haplogroups. Among Amazonian populations, variance is similarly high (47%), while variance among Andean populations is lower (29%), and even more so if the Yanesha are included in the Andean pool (27%). The 10 Arawak populations in the dataset have a variance of 41%, showing no homogeneity. All these values are highly significant (P 5 0).
The haplotypes of the HS and IS Yanesha were compared against each population in the dataset to detect the pairwise proportions of identical haplotypes, and the proportion of haplotypes which diverged less than 25, 50, or 100 generations ago; maps in Figure 3a and Supporting Information Figure S4 help to visualize the geographic distribution of these relationships. HS Yanesha share identical haplotypes with Quechua and Aymara speakers from the Potos ı, La Paz, Lake Titicaca, Cuzco, and Huancavelica regions, as well as with the Andean Arawak Machiguenga, while the IS Yanesha share identical haplotypes only with other Yanesha populations and with Quechua speakers from Kaquiabamba/ Apurimac, Machiguenga, and Aymara from Santa Ana/ La Paz (Supporting Information Fig. S4a ). Haplotypes which diverged <25 generations ago for both HS and IS Yanesha are found in the Machiguenga and in several Aymara and Quechua populations from points lying between the Yanesha sampling area and as far as La Paz and Potos ı in Bolivia (Supporting Information Fig.  S4b ). Haplotypes which diverged <50 generations ago are found also in the Kalina and Toba, in minimal percentage and only for HS Yanesha, while haplotypes which diverged <100 generations ago are found in almost all populations in the dataset, including Northern and Amazonian populations (Supporting Information Fig. S4c and S4d) .
Diversity values for both the HS and IS Yanesha and the reference dataset are reported in Supporting Information Table S2 : the Yanesha populations show fairly high variance and haplotype diversity when compared with the other Amerindian populations.
mtDNA
All 214 samples show maternal Amerindian ancestry and neither European nor African haplogroups are present. Haplogroup B is the most widely represented in both populations, with 55% in the HS and 39% in the IS; haplogroup D is the least widely represented in HS (5%) but is present at 20% in IS (Supporting Information  Table S5 ).
The haplogroup distribution is significantly different between the HS and IS villages (v 2 5 14.91, 3 df, P < 0.01), with haplogroups B and D, in particular, present in different proportions. The haplogroup distribution of a database of South American populations (mostly taken from the comprehensive review of Bisso-Machado et al., 2012) is listed in Supporting Information Table S7 and visualized using a CA plot in Supporting Information Figure S5 . The CA plot summarizes known trends in haplogroup distributions across South America, with B characteristic of the Andes, A of the Northern regions of the continent, and C and D more common in Amazonia (with many exceptions probably due to strong drift effects in more isolated populations). The Yanesha populations, in the center of the plot, have a balanced haplogroup composition, with only the HS looking more similar to other Andean populations because of the higher presence of B.
Variability at the sequence level was first tested for the 11 Yanesha villages: their maternal genetic pool appears more homogeneous than does their Y chromosome pool (for the Q lineages only), with a low but significant between-populations variance of 2.52% (P < 0.05) ( Table 2 ). The two groups of HS and IS villages cannot be distinguished (between group variance 0.83%, not significant).
The HS and IS Yanesha populations were then included in a dataset of 77 Amerindian populations for a comparison at a continental level (Supporting Information Table S3 , Fig. 1b) . Pairwise genetic distances (U ST ) were used to build a nMDS plot and an NJ tree. The Yanesha populations appear in the middle of the nMDS plot (Fig. 2b) , together with the majority of Amazonian and Andean populations. Towards the top of the plot, a few Andean populations (Aymara, Quechua, and Arawak Machiguenga) form a separate cluster together with the Amazonian Xavante and Toba. To the left of the plot, five Northern populations are distinguished. The NJ tree (Supporting Information Fig. S3b ) does not reveal more insights into maternal variation: it highlights the divergence of the five Northern populations, which are located at the end of long branches, and confirms that the HS and IS Yanesha are not particularly differentiated from the rest of the continent: they again appear at the center of the tree, on very short branches. The shortest U ST distances are to the Brazilian Yuracare for both populations; other short distances (<0.03) are to populations that are different for the two Yanesha groups (Supporting Information Table S6b ). HS Yanesha are similar to Quechua and Aymara populations from Cuzco, Puno, Tayacaja, and Potos ı, as well as the Brazilian Mekranati and Emerillon from French Guyana. The IS Yanesha, on the other hand, show proximity to the neighboring Quechua speakers from Tayacaja and to Quechua from the Titicaca area, and to other Amazonian populations too: the Bolivian Arawak Moxo, the Brazilian Kayapo, Munduruku and Pacaas Novos, the Criollos of Gran Chaco, French Guyana Emerillon and finally a Northern population, the Arawak Wayuu from Colombia.
AMOVA analysis (Table 2 ) reveals a high and significant degree of variance between the populations in the dataset (19%) . Contrary to what emerged from the Y chromosome analysis, the nine Arawak populations in our dataset are less heterogeneous than the 16 Quechua (7 vs. 9%). The Amazonian populations are more heterogeneous than the Andean ones (17 vs. 14%).
The haplotypes of the HS and IS Yanesha were compared to every other population in the dataset to detect the proportion of identical haplotypes; maps in Figure  3b and Supporting Information Figure S6 help to visualize the geographic distribution of these relationships.
HVSI sequences identical to sequences in both the HS and IS Yanesha are found in almost all the populations in the dataset (Supporting Information Fig. S6a) . To identify the main contributions from recent contact, we selected only those populations that share more haplotypes than the average for the whole dataset (Supporting Information Fig. S6b ). The sharing pattern is again similar for HS and IS, and involves Andean populations from southern Peru, the Titicaca area, and parts of Bolivia and Chile; some populations scattered across the Amazon basin, and several populations from northern Colombia. To narrow this list down to only the very strongest shared haplotype signal, we retained only those populations with a far higher percentage of shared haplotypes than the average (for HS, we kept only populations that share >70% of their haplotypes, and for IS only populations that share >40%) (Fig. 3b, Supporting  Information Fig. S6c ): these populations include the Andean Arawak Machiguenga, Quechua, and Aymara from the Lake Titicaca area, Emerillon from French Guyana, four Northern populations including the Arawak Wayuu, and a few other scattered Amazonian populations. On average, HS shows higher percentages of haplotypes shared with other populations than does IS.
As with the Y chromosome, in their mtDNA diversity (nucleotide diversity and haplotype diversity), both HS and IS populations rank among the most diverse in the entire South American dataset (Supporting Information  Table S3 ).
DISCUSSION

The genetic make-up of the Yanesha villages
The Yanesha population of central Peru makes for a valuable case study because of their distinctive patterns of pre-and postcolonial contact, in unique cultural and environmental contexts. Before the waves of European migration (from different sources and at different times) the Yanesha were subjected to the influences of both the Andean and Amazonian ecologies, effectively forming them into a bridge between those two environmental extremes.
The genetic data (17 Y chromosome STRs and HVSI mtDNA sequences) collected from 11 Yanesha villages were first analyzed to assess the degree of homogeneity of the whole population. The Yanesha villages appear genetically homogeneous for both markers, with negligible AMOVA variance between villages ( Table 2 ). The villages can be ascribed to two different environments by altitude: we therefore divide them into High Selva (HS Yanesha, 1,800-1,200 m) and Intermediate Selva (IS Yanesha, 300 m)-see Table 1 and Supporting Information Figure S1 . The two groups have a different haplogroup composition, but are not genetically distinguishable in their STR haplotypes or mtDNA pool (Table 2) . Nevertheless, we retained this subdivision by altitude for the rest of the analysis in order to highlight possible different demographic behaviors. The two Yanesha populations in fact exhibit different patterns of contact with other populations in the South American dataset, with some reduced variability in the more isolated IS villages. In general, villages of the IS are less easily accessible; it is thus no surprise that for both Y chromosome and mtDNA, the IS Yanesha share fewer identical haplotypes with other indigenous populations. In mtDNA, haplogroup composition differs between HS and IS (CA plot Supporting Information Fig. S5 ): the HS villages have a higher incidence of haplogroup B, characteristic of Andean populations, while IS villages show higher incidence of haplogroup D, typical of Amazonian populations (Bisso-Machado et al., 2012) .
Finally, in both populations, diversity values are high by comparison to the other populations in the database (Supporting Information Tables S2, S3 ): this effect is not driven only by the higher sample size, since other populations from the dataset with less than half individuals have similarly high values of diversity (for example Kichwa and Wayampi). We assume a negligible effect of isolation (since the Yanesha did indeed experience gene flow from other populations), and/or a higher effective population size.
We conclude that the different environments inhabited by the Yanesha do not represent a barrier to internal or external exchange. The contact experienced by the Yanesha was probably for commercial reasons: in fact the Yanesha controlled the salt trade, owning the Cerro de la Sal (Salt Mountain) on the Paucartambo River between San Luis de Shuaro and Villa Rica. The villages at higher altitude acted as a gateway to the extensive Andean exchange network already in existence long before the Incas (Lumbreras, 1974) . While the genetic pool of the Yanesha villages is homogeneous overall, the IS villages are more isolated and tend to exchange less, and a minor difference between the HS and IS villages can be discerned in their mtDNA haplogroup composition. Table S5 ).
Recent contact with European colonists
The pattern of contact in this situation is typically sex-biased, with immigrant men marrying local women. From the pattern of shared haplotypes and from the nMDS plot of pairwise STR similarity, the closest European populations in our database are those from the Italian peninsula (Central, Sicily, and northeast in particular): this would reflect a recent flow from Italian immigrants into the area following the War of the Pacific in 1884. Some similarities are also shared with Austrian Tyrolese, due to the establishment of German-speaking colonies in the Pozuzo valley in the nineteenth century. This was a consequence of the politics of the Peruvian government, anxious to colonize its Amazonian territories, and specifically the Selva Central, in order to counter Brazilian expansion from the west. A contingent from Tyrol and Prussia emigrated to Peru in 1857 (Contreras, 2007) , and to this day the architecture and customs of the Pozuzo valley still bear traces of German tradition.
Ancient contacts between Andean and Amazonian cultures
Looking at the native component in both mtDNA and the Y chromosome, we attempted to disentangle the genetic contribution from the Amazonian and the Andean sources in the Yanesha. The Yanesha language well reflects the past stratification of those inputs: it belongs to theArawak language family, but certain characteristics in its sound and grammatical structures, and pervasive lexical borrowing, reflect very intense contact with Quechua-speaking inhabitants of the Andes. Indeed so far-reaching were these effects that Yanesha was initially considered of uncertain classification, or even a language isolate (Adelaar, 2006) . These different contributions can be visualized in the shared haplotypes map (Fig. 3, Supporting Information  Fig. S4 ). The mtDNA HVSI is less informative for limited recent contact effects, since it retains a level of shared haplotypes compatible with first settlement of South America. The Yanesha share haplotypes with most populations across the dataset, up to averages of 40-50% of the total number of sequences per population. Further resolution in this maternal marker, particularly full mtDNA sequence data, should in principle help distinguish where such sharing of partial haplotypes is due to chance (or drift), or to actual population contacts.
More fine-grained insights are to be had from the 17 STRs that define the Y chromosome haplotypes. The sharing pattern for our Yanesha samples clearly points towards Andean populations, speakers of either Quechua or Aymara (as described in the original source reference for those samples), distributed through the Andean highlands from the Yanesha area southwards as far as the Lake Titicaca region and central-western Bolivia. Most language contact impacts in Yanesha point to a specific source within the Quechua family: the now moribund Yaru dialect, spoken in highland regions geographically contiguous to the Yanesha. There is also a small set of loaned Quechua vocabulary reminiscent specifically of the political and cultural dominance of the Incas. The stronger linguistic signal, however, is not this late interaction with the Incas, but an intense and prolonged interaction with the local Yaru. Our database may simply lack genetic samples sufficiently representative of the Yaru population specifically. The wide area of the south-central Andes across which we found haplotypes most shared with the Yanesha did fall under the Incas' brief control (c. 1472-1532), but also that of the Wari Middle Horizon (c. 550-1000), hypothesized as having driven the first main phase of Quechua dispersal, and which fits also with the time scale of up to 50 generations for the haplotypes concerned. And whether local Yaru or from further afield, a plausible scenario of predominantly trader and/or military immigrants to the Yanesha communities would explain the sex-bias in the genetic contributions. Finally, over the past few decades, the construction of new roads to facilitate extraction of natural resources has favored further colonization, bringing new populations from the highlands into the Yanesha regions. The trend towards mating outsider males (exogamy) is increasing, enhancing the admixture effects.
Genetic structure within the South American continent
Within South America, genetic structure broadly follows the two contrasts between the environments of the Andes and Amazonia, and their respective cultural trajectories over many millennia (Tarazona-Santos et al., 2001) . In particular, within the Y chromosome native haplogroup Q, the STR haplotypes show very high variance between populations within Amazonia, but greater homogeneity in the Andes, confirming a tendency previously reported (Luiselli et al., 2000; Tarazona-Santos et al., 2001; Fuselli et al., 2003; Barbieri et al., 2011; Bisso-Machado et al., 2012-see Table 2 ). The NJ tree for the Y chromosome R ST distances (Supporting Information Fig. S3a ) appears in line with this trend: to the left, most Andean populations appear on short, close branches, while to the right most Amazonian populations are on long, separate branches). In the paternal line, linguistic affiliation to either the Quechua or the Arawak family does not make for a strong criterion by which to group populations (Table 2) . In fact, all highland populations are more homogeneous than the subset of Quechua populations, probably due to some Quechua speakers who do not originate in the core Andean region, such as the Ecuadorian lowland Kichwa or Argentinean Colla (as reported in Roewer et al., 2013) , and whose paternal lines are more similar to Amazonian populations. Among Arawak-speaking populations, meanwhile, variance is significantly higher. More problematic is the proximity to some populations of the northeast of the continent, such as the Arawak Palikur and the Kalina, Apalai and Emerillon from the dataset in Mazieres et al. (2008) . These are the only Amazonian populations to show proximity to the Andean cluster on the paternal side (Fig. 2a) .
The maternal line shows higher homogeneity at sequence level, while the haplogroup distribution displays regional gradients (Supporting Information Fig.  S5 , see also Bisso-Machado et al., 2012) . The main structure on the continent-wide level is the clustering of some Andean populations visible on the nMDS plot, and the separation of northern populations, which appear in a drifted position on the NJ tree. In our dataset the Quechua speakers show higher homogeneity than do Andean populations in general (Table 2) . Unlike the Y chromosome pattern, the nine Arawak-speaking populations appear more homogeneous than the Quechua-speaking ones, despite the greater geographic distances; this might be an artifact of the general homogeneous signal from Amazonian populations, while Andean populations are distributed more widely.
The only other Arawak speakers from the Andean area present in our dataset are two Machiguenga populations (Mazières et al., 2008; Sandoval et al., 2013) . On this limited basis only, we sought to explore a hypothetical common history for the dispersal of the Arawak family into high altitude areas-although Yanesha and Machiguenga belong to quite different branches of that family. A putative genetic proximity is detectable only in the paternal line: Yanesha and Machiguenga share a high number of haplotypes and show close R ST distances, but this signal might be the result of intense contact with immigrants from the highlands, perhaps particularly in the Inca period. Other factors indicate a different demographic history for the Machiguenga: the low levels of diversity suggest a marked degree of isolation, while the maternal line is closer to that of other Andean populations, in particular from the Titicaca area.
Overall, our results raise questions for both main approaches to accounting for the dispersal of the Arawak language family, whether by demic or cultural spread. Most plausibly, both would have had a role, as this Yanesha case study well illustrates. Linguistic data reveal Yanesha as a member of the Arawak family, but radically transformed by several powerful contact impacts, not least from the contiguous highland Quechua. Our Y chromosome data duly detect the robust input of a component of Andean origin-but into a geographically widespread substrate, going back to a greater time depth. This older signal points towards populations genetically close (within the available published data) to others far down the Amazon and into the Guianas, matching the second of Walker and Ribeiro's "bi-modal" estimates for the Arawak homeland (2011). The Yanesha case only confirms the need to test the rival theories of Arawak origins on fuller data-sets that target coverage of the hypothesized homelands currently in northern (Aikhenvald, 1999) or western (Walker and Ribeiro, 2011) Amazonia.
